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1. T w e n t y - f i v e  p r e p r i n t s  of each of t w o  p a p e r s  which have  been  ... 
s u b m i t t e d  for p u b l i c a t i o n  are e n c l o s e d  as part  of t h i s  report. 
As these papers have n o t  y e t  been accepted fo r  p u b l i c a t i o n ,  
they  are n o t  fo r  g e n e r a l  d i s t r i b u t i o n .  

S u b m i t t e d  t o  S c i e n c e :  "Long-Term I s o l a t i o n  'Stress': A D i f -  
- ferent -- Viewt'  

Al though  long- te rm i s o l a t i o n  (22 weeks) of mice may be 
a s t r e s s f u l  e x p e r i e n c e ,  i t  does no t  c a u s e  adrenalcortical 
h y p e r t r o p h y .  Instead,  i t  c a u s e s  hypot rophy of t h e  
a d r e n a l  cortex, as compared w i t h  adrenals of mice kept 
i n  groups of 2-3; and mice kept i n  g roups  of 2-3 h a v e  
s m a l l e r  a d r e n a l s  t h a n  m i c e  kept rLn groups  of 9-14. I t  
is q u e s t i o n e d  if adrenalcortical  hypertrophy i s  a neces -  
sary effect of stress, or i f ,  more precisely, it is caused  
by i n c r e a s e d  l e v e l s  of s t i m u l a t i o n .  

S u b m i t t e d  to J o u r n a l  of Neurochemis t ry  : "Bra in  N o r a d r e n a l i n e  
i n  White N i c e  C h r o n i c a l l y  Aggregated and Isol'ated for One Week" 

The b r a i n s  of w h i t e  m i c e  isolated for one  week c o n t a i n  
more n o r a d r e n a l i n e  t h a n  those of m i c e  kept i n  a g roup  
of twen ty  i n d i v i d u a l s  for the same period of t i m e .  The 
i n c r e a s e d  excitabil i ty of c h r o n i c a l l y  i_solated a n i m a l s  
may be related to  a b u i l d - u p  of b r a i n  n o r a d r e n a l i n e .  

2. A n a l y s i s  of data O i l  three e x p e r i m e n t s  is proceeding. These  
are: 

An e x p e r i m e n t  t o  d e t e r m i n e  the effect  of long- t e rm i s o l a t i o n  
(22 w e e k s )  upon the  b r a i n  c o n t e n t  of n o r a d r e n a l i n e  and . 

ter effect is part of a larger ongo ing  s t u d y  of a d r e n a l  medul- 
l a r y  a d a p t a t i o n  t o  d i  ffprent s u s t a i n e d  demands for c a t e c h o l -  
amine s e c r e t i o n .  

- 

f upon a d r e n a l  medu l l a ry  c a t e c h o l a m i n e s .  A t t e n t i o n  t o  the  lat- 
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! b  An ctxperiment t o  s t u d y  t h e  effect of c h r o n i c  (S-week) aggrega- I 

t i o n  of m i c e  upon d-amphetamine tox ic i ty .  Amphetamine i n  t h i s  I 

endogenous  metabolism of c a t e c h o l a m i n e s .  
' expe r imen t  is used  as a c r u d e  i n d i c a t o r  of differences i n  IC= ... 
An e x p e r i m e n t  t o  s t u d y  t h e  effect of long-term conf inemen t  
i n  i s o l a t i o n ,  i n  pairs, and i n  g roups  of f o u r  i n d i v i d u a l s  

I upon a d r e n a l  size,  a d r e n a l  medu l l a ry  c a t e c h o l a m i n e s ,  and b r a i n  
n o r a d r e n a l i n e  unde r  c o n d i t i o n s  where p h y s i c a l  c o n t a c t  i s  n o t  
permitted. 
a casual factor i n  the  effects of a g g r e g a t i o n .  

9 

j T h i s  expe r imen t  seeks t o  e l i m i n a t e  t e m p e r a t u r e  as 

3. Much of the  t i m e  s i n c e  receipt of f u n d s  three months ago ,  has 
been  s p e n t  a s s e m b l i n g  staff and equ ipmen t .  C e r t a i n  major i t e m s  
of equipment  f o r  r a d i o a c t i v e  work axe  o n l y  now a r r i v i n g .  
b u i l d i n g  is b e i n g  r e n o v a t e d  t o  p r o v i d e  s e v e n t e e n  rooms f o r  
a n i m a l  care and h o u s i n g ,  b u t  i t  is n o t  y e t  complete. 
n o t  y e t  been  possible t o  commence e x t e n s i v e  l o n g - t e r m  experi- 
ments  or t o  b e g i n  precise s t u d i e s  of metabolic pathways. 

A 

It  has 

S i n c e r e l y  yours, . A  

Bruce  L. Welch, Director 
Laboratory of P o p u l a t i o n  

Zcology 

c 
c 

I 



* .  . 
1) 

, 
t 

3ruce L. !?eLch, Page 1 

Long-Term I so l a t ion  "Stressvf: A Different View 



P -  . 
. I  . .  . .  

L 

I 

. 

Bruc8 L. ilrelch: Page 2 

Abstract: Nale w h i t e  s w i s s  mice isolated f o r  a l o n g  period 

(22 weeks; become hyperexcitable and  a g g r e s s i v e ,  ‘out t h e y  do 

n o t  d e v e l o p  e n l a r g e d  a d r e n a l s .  A d r e n a l  weights are s i g n i f i c a n t l y  

smaller i n  mice housed  i n d i v i d u a l l y  t h a n  i n  g r o u p s  of  2-3, and 

i n  these t h a n  i n  g roups  of 9-13. T h i s  is  t r u e  n o t  o n l y  f o r  t h e  

mean weights ,  b u t  f o r  t h e  m i n i m a  and maxima as w e l l .  These  d i f -  

f e r e n c e s  may be a c c e n t u a t e d  w i t h  t i m e .  A l though  l o n g - t e r m  

i s o l a t i o n  may be c o n s i d e r e d  “ s t r e s s f u l , I *  i n  t h a t  i t  i s  less t h a n  

a n  optimum e n v i r o n m e n t a l  s i t u a t i o n  and e l ic i ts  abnormal  

b e h a v i o r a l  and p h y s i o l o g i c a l  r e s p o n s e s ,  i t  p r o b a b l y  does no t  

c a u s e  a d r e n a l c o r t i c a l  h y p e r f u n c t i o n .  P o s s i b l y  i n c r e a s e d  

a d r e n a l c o r t i c a l  a c t i v i t y  may be more p r e c i s e l y  r e l a t e d  t o  an 

i n c r e a s e d  l e v e l  of s t i m u l a t i o n  than t o  ltstresslf E E. A 
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. 
I n  a racent  i s s u e  of S c i e n c e ,  Hatch  et a1 (1) r e p o r t e d  t ha t  

rats s u b j e c t e d  t o  13 w e e k s  o f  l l i s o l a t i o n  stresss1 e x h i b i t e d  

enhanced  n e r v o u s n e s s  and e x c i t a b i l i t y ,  deve loped  c a u d a l  d e r m a t i t i s ,  

w e r e  more s u s c e p t i b l e  t o  i s o p r o t e r e n o l  t o x i c i t y ,  and deve loped  

d i f f e r e n c e s  i n  the  wei;ght of c e r t a i n  o r g a n s  as compared w i t h  rats 

kept i n  community c a g e s .  P a r t i c u l a r  a t t e n t i o n  was d i r e c t e d  

t o  the fact t h a t  t h e  isolated rats had " h e a v i e r  a d r e n a l s f '  and t h i s  

w a s  t a k e n  t o  i n d i c a t e  t ha t  l o n g - t e r m  i s o l a t i o n  had cavsed  "an 

e n d o c r i n o p a t h y  w i t h  h y p e r f u n c t i o n  of t h e  a d r e n a l  c o r t e x , 1 1  which 

p l a y e d  a cen -c ra l  r o l e  in t h e  effects o b s e r v e d .  The e x p e r i m e n t a l  

data p r e s e n t e d  i n  the i r  p a p e r  d o e s  n o t  support the  c o n c l u s i o n s  

drawn. The o p p o s i t e  r e s u l t ,  r e d u c t i o n  i n  a d r e n a l  s ize ,  has bee= 

o b t a i n e d  i n  m i c e  kept i n  long- t e rm i s o l a t i o n .  

H a t c h  e t  a1 r e p o r t e d  o n l y  a d r e n a l  weight  r e l a t i v z  t o  body weight;  

no  a c t u a l  a d r e n a l  weights and no a c t u a l  body welights w e r e  reported. 

Inasmuch as the  d i f f e r e n c e s  between r e l a t i v e  a d r e n a l  w e i g h t s  of 

i so la ted  and  community-housed rats r e p o r t a d  i n  T a b l e  I w e r e  q u i t e  

s m a l l ,  i . e .  0.013 g m  vs .  0.011 gm f o r  m a l 2 . s  ( r e p o r t e d  n o n - s i g n i f i c a n t )  

and G.030 v s .  0.G24 fo r  females ( p = . O l ) ,  i t  o c c u r r e d  to m e  t h a t  these 

a p p a r e n t  d i f f e r e n c e s  might  a c t u a l l y  be a t t r i b u t a b l e  t o  s i m p l y  a 

smaller body vrieght i n  the  i s o l a t e d  a n i m a l s .  i m p r i v e d  of the 

o p p o r t u n i t y  t o  h u d d l e  t o  c o n s e r v e  body h e a t , s m a l l  m a m m a l s  o f t e n  

h a v e  lower body w e i g h t s  i n  i s o l a t i o n  t h a n  i n  g r o u p s ,  p a r t i c u l a r l y  

if the ambien t  t e m p e r a t u r e  is  OW, a l t h o u g h  the opposite i s  
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f r e q u e n t l y  t h e  case when the ambient  temperature i s  h i g h  ( 2 ) .  

I n  response t o  a letter of i n q u i r y  which I wrote c o n c e r n i n g  

a b s o l u t e  a d r e n a l  w e i g h t s  and t h e  p o s s i b i l i t y  o f  u s i n g  covariance 

a n a l y s i s  t o  remove body we igh t  effect, D r .  Ha tch  r e p l i e d  " . . . there 

w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  a b s o l u t e  a d r e n a l  weights i n  either 

sex (10 per g r o u p ) ,  b u t  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  a d r e n a l c o r t i c a l  

w i d t h  of t h e  i s o l a t e d  females was f o u a d .  When a d r e n a l  weight i s  

p l o t t e d  a g a i n s t  body w e i g h t ,  t h e  i s o l a t e d  and community rats g i v e  

t w o  d i s t i n c t  c u r v e s .  T h i s  is owing -to t h e  smaller body weight o f  

t h e  i so la ted  rats." I n  view of t h i s ,  her  c o n t i n u e d  s t a t e m e n t  t h a t ,  

"The t w o  c u r v e s  c o u l d  be said t o  r e p r e s e n t  t w o  d o s e  response l i n e s  

s i n c e  w e  c o n s i d e r  t h e  i s o l a t e d  stress t o  be t h e  r e s u l t  of a c h r o n i c  

endogenous h y p e r s e c r e t i o n  of ACTIi,ll seems h a r d l y  j u s t i f i e d .  The 

g r e a t e r  a d r e n a l c o r t i c a l  w i d t h  o f  t h e  isolated females (which was 

n o t  r e p o r t e d  i n  -the p u b l i s h e d  paper) may p o s s i b l y  be related t o  t h e  

effects of p o p u l a t i o n  d e n s i t y  upon f e c u n d i t y  of female rats (3 )  

and t o  changes  i n  t h e  a d r e n a l  cortex knovrn t o  come a b o u t  i n  female 

rats with c h a n g e s  i n  r e p r o d u c t i v e  c o n d i t i o n  (4). 

The quo ted  abstract report of 8 similar e:cperiment by LJeltman 

et  a1 ( 5 )  in which a l b i n o  mice were i s o l a t e d  f o r  14 weeks i n d i c a t e d  

that there was no s i g n i f i c a n t  i n c r e a s e  i n  r e l a t i v e  a d r e n a l  weight  

o f  i so la ted  m i c e ,  i n  s p i t e  of the  fact  t h a t  their  body weight w a s  

s l i g h t l y  smaller t h a n  t h a t  of mice i n  pairs. T h i s  would imply  

t ha t  the isolated m i c e  a c t u a l l y  had somewhat smaller a d r e n a l s .  R a t s  
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. i s o l a t e d  fo r  a period of 11 weeks h a v e  recently been reported t o  

h a v e  smaller pituitaries and slightly smaller x e g e n e r a t e d  a d r e n a l s  

t h a n  rats Icapt is g r o u p s  of 3 f o r  the same period of tirne, a resul t  

which the  a u t h o r s  interpreted t o  i n d i c a t e  greater ACTH s e c r e t i o n  i n  

the grouped situatdon ( 6 ) .  U n f o r t u n a t e l y  these d i f f e r e n c e s  may 

also be somewhat i l l u s i o n a r y ,  s i n c e  t hey  too w e r e  expressed as 

relative weights and the  body weights of t h e  grouped rats were 

s i g n i f i c a n t l y  less t h a n  those of t h e  isolates. Again ,  actual body 

weights and actual a d r e n a l  w e i g h t s  were not g i v e n ; a n d  t h e  magn i tude  

of the real d i f f e r e n c e  canno t  be computed. 

When male chiclcens were i s o l a t e d  for 25.5 weeks fol lowed by 

three weeks of (a) c o n t i n u e d  i s o l a t i o n ,  (b) p e n n i n g  i n  g r o u p s  of 

5 for f o u r  h o u r s  d a i l y  or ( c j  penning  c o n t i n u o u s l y  I n  g r o u p s  of 

5, the  a d r e n a l s  were s i g n i f i c a n t l y  smaller in the  isolated birds  

t h a n  i n  those c o n t i n u o u s l y  grouped w h i l e  the  ad rena l  weights of 

t h e  i n t e r m i t t e n t l y  grouped b i r d s  were Cntz r rned ia t e  i n  s i z e  ( 7 ) .  

A number of r e l a t i v e l y  s h o r t  d u r a t i o n  experiments h a v e  compared 

the  a d r e n a l s  of isolated and var iously grouped  l a b o r a t o r y  mice. One 

paper reported no s i g n f i c a n t  d i f f e r e n c e  be tween a d r e n a l  weights or' 

white mice..isolated and v a r i o u s l y  grouped for 1 week, the a d r e n a l s  

of t he  isolates b a i n g  s l i g h t l y  h s a v i e r  i n  a b s o l u t e  weight and 

s l i g h t l y  smaller i n  relative weights t h a n  those of grouped mice 

( 8 ) .  

i n s t a n c e  may have  b e e n  due, at least i n  par t ,  t o  t h e  short t e r m  

The f a i l u r e  for a s i g n i f i c a n t  d i f f e r e n c e  t o  d e v e l o p  i n  t h i s  
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of the e x p e r i m e n t .  S u g g e s t i v e  ev ide i lce  tha t  t h e  d i f f e r e n c e  between 

a d r e n a l  weights of grouped  and i s o l a t e d  illice Is a c c e n t u a t e d  w i t h  

t i m e  i s  g i v e n  later i n  t h i s  paper. The same a u t h o r  reported t h a t  

p l a c i n g  male white m i c e ,  which had been i s o l a t e d  f o r  3 weeks, i n  

g r o u p s  of 4 f o r  one h o u r  each day r e s u l t e d  i n  an 80% e o s i n o p e n i a  

t h r o u g h o u t  t he  8 day e x p e r i m e n t a l  period ( 9 ) .  

I n  s e v e r a l  shor t  t e r m  e x p e r i m e n t s  o f  1-3 weeks d u r a t i o n ,  

both a c t u a l  and r e l a t i v e  a d r e n a l  w e i g h t s  of i s o l a t e d  m i c e  were 

g e n e r a l l y  smaller t h a n  those of mice v a r i o u s l y  grouped i n  numbers 

of up t o  30 m i c e  per g r o u p  (10).  H i s t o l o g i c a l  s t u d i e s  of the 

zdrena-ls w e r e  made i n  some of these e x p e r i m e n t s  and these s u p p r t e d  

t he  i n d i c a t i o n s  of t h e  differences I n  weight (11). I n  similar ex- 

p e r i m e n t s  a d r e n a l  ascorbic a c i d  w a s  found t o  be lower i n  t h e  

a d r e n a l s  of grouped  t h a n  i s o l a t e d  white m i c e  ( 1 2 ) .  N o t a b l y ,  i n  

these e x p e r i m e n t s  the  change  i n  adrenalcortical s i ze  w a s  r e l a t i v e l y  

s e n s i t i v e  as well as d i r e c t i o n a l ,  t h e r e  b e i n g  a g e n e r a l  t e n c e n c y  

(wi th  e x c e p t i o n s )  fo r  each i n c r e a s e  I n  g roup  s i z e  t o  cause a n  

i n c r e a s e  i n  s i z e  of the a d r e n a l  cortex. T h i s  same p a t t e r n  of 

a d r e n a l c o r t i c a l  r e s p o n s e  has been o b s e r v e d  in t he  present r e l a t i v e l y  

l o n g - t e r m  e x p e r i m e n t .  

M a l e  v J h i " i e  Swiss m i c e  { DUB/ICR, Dub l in  L a b o r a t o r y  Animals  

D u b l i n ,  V i r g i n i a )  , 5-6 weeks of age were m a i n t a i n e d  i n d i v i d u a l l y  

( n = 1 4 ) ,  i n  g r o u p s  of 3 ( n = l 2 )  and i n  g r o u p s  of 14 (n=2C: m i c e )  for 

a period of 22 weeks. Cages 10" x 7" :c 7" v ~ t h  s i d e s  and backs of 

m e t a l ,  and top,.bottom and  f r o n t  of wire were u s e d ;  t h e y  M e r e  

e l e v a t e d  t o  permit good a i r  c i r c u l a t i o n .  Pux ina  l a b o r a t o r y  f e e d  
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was mainta5ned i n  superabundance o v e r  the f l o o r  of the cages a t  a l l  

t i m e s ;  f o u r  water-bottles w e r e  on each group cage. Hand l ing  and 

c l e a n i n g  was uni form.  

T a b l e  1 shows t h a t  t he  mean a c t u a l  a d r e n a l  weight i n c r e a s e d  

f r o m  1.G8G m g  i n  the  i s o l a t e s ,  t o  2.0E m g  Ln&e 3 -g roups ,  t o  

2.479 m g  i n  t he  14-groups .  If a d r e n a l  w e i g h t s  were e x p r e s s e d  

relative t o  body weight, t h e  d i f f e r e n c e  between the  isolates and 

t h e  14 -g roups  would be a c c e n t u a t e d  by the s l i g h t l y  smaller body 

weight i n  t h e  lat ter.  Because t h e  v a r i a n c e  as well as t h e  mean 

i n c r e a s e d  w i t h  i n c r e a s i n g  group s i ze  and i s  s i g n i f i c a n t l y  d i f f e r e n t  

f o r  the  3 t r e a t m e n t  c o n d i t i o n s  (Bart le t t ' s  t ex t  p=.OOl+++, x2 = 

38.2 d f  2 ,  where x2 .001=13.82), t h e  weights were compared non- 

p a r a m e t r i c a l l y  and by t h e  u s e  of weighted means .  Thus compared, 

t h e  d i f f e r e n c e  i n  a d r e n a l  weights is  h i g h l y  s i g n i f i c a n t ;  by 

a n a l y s i s  o f  v a r i a n c e  u t i l i z i n g  weighted means (13), p=.OOl+++ 

(Fz81.62, d f  2, 21, where F .001=S.77). The g e n e r a l  n a t u r e  

of t h e  t r e n d  f o r  mean a d r e n a l  weight t o  i n c r e a s e  w i t h  i n c r e a s e d  

d e n s i t y  i s  emphasized by t h e  f a c t  t h a t  n o t  o n l y  t h e  mean w e i g h t ,  

but also the mininium and the  m a x i m u m  a d r e n a l  w e i g h t s  i n c r e a s e d  

w i t h  i n c r e a s i n g  d e n s i t y  (Table 1). 

The fact t h a t  i s o l a t i o n  r e d u c e s  (o r  t h a t  g roup ing  i n c r e a s e s )  

t h e  v a r i a b i l i t y  of p h y s i o l o g i c a l  r e s p o n s e  as i n d i c a t e d  by a d r e n a l  

s i z e  s h o u l d  be o f  i n t e r e s t  t o  those p l a n n i n g  e,xperiments. T h a t  

t h i s  v a r i a b i l i t y  is caused  by factors of social i n t e r a c t i o n  i s  
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* i n d i c a t e d  by the  fact t h a t  the l a r g e s t  adrenal weight and t h e  smallest 

a d r e n a l  weight i n  -the 14-groups  'oeloi2ged, r e s p e c t i v e l y ,  t o  t h e  worst 

scarred ( o b v i o u s  social  s u b o r d i n a t e )  and t o  a comple t e ly  u n s c a r r e d  

sleek i n d i v i d u a l  (an obv ibus  dominant ) .  Some theoretical  i m p l i -  

c a t i o n s  o f  t h i s  phenomena o f  s o c i o p h y s i o l o g i c a l  d i f f e r e n t i a t i o n  

h a v e  been  c o n s i d e r e d  separately ( 1 4 ) .  

I n  T a b l e  2 the  a d r e n a l  weight  of isolated m i c e  i s  excressed 

as a p e r c e n t a g e  of the adrena l  we igh t  of grouped m i c e .  The per- 

c e n t a g e s  o b t a i n e d  i n  the present r e l a t i v e l y  long- t e rm expe r imen t  

are compared w i t h  p e r c e n t a g e s  s i m i l a r l y  d e r i v e d  from data o b t a i n e d  

i n  several short-term e x p e r i m e n t s  of 1-3 weeks where a d r e n a l s  of 

isolztecj m- L,, *A and =ice i n  coqarable-sjzed g roups  t o  those employed 

i n  t h i s  expe r imen t  w e r e  a v a i l a b l e  for  comparison.  Al though m a l e  

w h i t e  m i c e  of t he  same g e n e r a l  age were used i n  each of these 

e x p e r i m e n t s  and were of  t he  same breed i n  all e x p e r i m e n t s  con- 

d u c t e d  by me, the  e x p e r i m e n t s  were conducted a t  d i f f e r e n t  t i m e s  and 

i n  d i f f e r e n t  l o c a t i o n s  and are comparable, therefore, o n l y  i n  a 

g e n e r a l  way. PTcvertheless,  t hey  d o  indicate t h a t  the well-established 

t endency  f o r  grouped white m i c e  t o  have  l a r g e r  a d r e n a l s  t h a n  i n -  

d i v i d u a l l y - h o u s e d  white m i c e  i n  short-term e x p e r i e m e n t s  of 1-3 

weeks i s  n o t  l i k e l y  r e v e r s e d  i n  l o n g e r  t e r m  e x p e r i m e n t s .  I n d e e d ,  

t h e y  s u g g e s t  that these d i f f e r e n c e s  may be a c c e n t u a t e d  as t h e  

d u r a t i o n  or' the experiment i n c r e a s e s .  T h i s  t endency  i s  more 

pronounced for t h e  l a r g e r  g roups  t h a n  for the  smaller. T h i s  ap- 

p a r e n t  enhancement w i t h  t i m e  of t h e  d i f f e r e n c e s  between the  a d r e n a l  
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weight of i so l a t ed  and grouped mice probably reflects the  i n t e n s i -  

f i e d  effect of long- t e rm giouping rather than the  cumulative effect 

of long- t e rm i so l a -k fon .  I n  s u p p o r t  of *his i n t e r p r e t a t i o n  i s  the  

fact t h a t  Bul lough found t h e  maximum c r o s s - s e c t L o n a l  area of the  

a d r e n a l  cortex of m a l e  white mice housed i n  g roups  of 20 t o  i n -  

crease f r o m  57.1 t o  68.1, t o  75.C a r b i t r a r y  p l a n i m e t e r e d  u n i t s  

after 1, 2 ,  and 3 weeks, r e s p e c t i v e l y ,  i n  t h e  e x p e r i m e n t a l  g r o u p i n g  

c o n d i t i o n  (16). 

T h e r e  i s  no  q u e s t i o n  that i s o l a t i o n  and social d e p r i v a t i o n  

may i n d u c e  abnormal  b e h a v i o r a l  and p h y s i o l o g i c a l  changes (15) . 
B u t  i f  i s o l a t i o n  is a l t s t r e s s o r l l  and i t  c e r t a i n l y  i s  n o t  the  

optiiiial environmental s i t u a t i o r !  f ~ r  an organssim, i t  i s  probably 

n o t  m a n i f e s t  by i n c r e a s e d  a d r e n a l c o r t i c a l  f u n c t i o n .  We must 

i n q u i r e ,  therefore, if i n c r e a s e d  a d r e n a l c o r t i c a l  f u n c t i o n  i s  

a c t u a l l y  a g e n e r a l i z e d  i n d i c a t i o n  of stress. P o s s i b l y  n o t .  A l l  

of t h e  e x p e r i m e n t s  upon which t h i s  concept is based have  ezployed  

llstressestl which had t h e  common effect of c a u s i n g  p a i n ,  annoyance,  

or otherwise i n c r e a s i n g  the l e v e l  of s t i m u l a t i o n  which the  ex- 

perimental a n i m a l s  e x p e r i e n c e d  (17) .  I n c r e a s e d  a d r e n o c o r t i c a l  

f u n c t i o n  may s imply  be i n d i c a t i v e  of a n  i n c r e a s e d  l e v e l  of 

s t i m u l a t i o n .  

I n  humans, social i s o l a t i o n , s e n s o r y  d e p r i v a t i o n  and monoto- 

n o u s l y  repeat;ed s t i m u l i  c a u s e  d e p r e s s i o n  and s lowing  of t he  

m e n t a l  processes (19). Col l ege  s t u d e n t s  isolated for  96 h o u r s  i n  

bed wear ing  t r a n s l u c e n t  g o g g l e s ,  which a d m i t t e d  d i f f u s e  l i g h t  b u t  
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p r e v e n t e d  p a t t e r n e d  v i s i o n ,  and c o t t o n  g l o v e s  and c a r d b o a r d  cuffs, 

which l i m i t e d  t a c t u a l  s t i m u l i ,  showed a p r o g r e s s i v e  s l o w i n g  of 

EEG a c t i v i t y  t h r o u g h o u t  the  i s o l a t i o n  p e r i o d ,  and changes  p e r s i s t e d  

for  3% h o u r s  after emerging from i s o l a t i o n  (20 ) .  

workers r e p o r t e d  a p r o g r e s s i v e  d e c r e a s e  of alpha f r e q u e n c e s  on 

EEG traces d u r i n g  7-14 days  i n  i s o l a t i o n .  The t r a c i n g s  w e r e  s t i l l  

a b n o r m a l l y  l o w  a w e e k  later and long- l a s t ing  m o t i v a t i o n a l  losses 

w e r e  o b s e r v e d  ( 2 1 ) .  

Zubek and  co- 

A r e p o r t  of s t u d i e s  of p e r c e p t u a l  d e p r i v a t i o n  by D. 0. Hebb's 

g r o u p  at  M c G i l l  U n i v e r s i t y ,  i n  which men were kept abed i n  i s o l a t i o n  

u p  t o  6 d a y s  wear ing  t r a n s l u c e n t  g o g g l e s ,  e tc .  said, " . . . o n e  may 

s a f e l y  c o n c l u d e  t h a t  the  c o r t i c o i d  e x c r e t i o n  i s  n o t  c o n s i s t e n t l y  

or a t  any t i m e  markedly  i n c r e a s e d  with t h i s  t y p e  of s u s t a i n e d  

p e r c e p t u a l  d e p r i v a t i o n y r t  i n  sp i t e  of the  fact t ha t  some of the  

s u b j e c t s  w e r e  o v e r t l y  d i s t r e s s e d  and compla ined  of h a l l u c i n a t i o n s  

(22). L i l l y  wrote of h i s  s t u d i e s  of s e n s o r y  d e p r i v a t i o n  i n  

immers ion  t a n k s  t h a t  "as t h e  l e v e l s  of s t imu l i  w e r e  lowered  c l o s e r  

t o  zero, t h e  p o s i t i v e ,  more b l i s s f u l ,  e n j o y a b l e  states appeared" 

(23) 

S e v e r a l  s t u d i e s  of n a t u r a l  p o p u l a t i o n s  of w i l d  m a m m a l s  have  

shown t h e  a d r e n a l  t o  h y p e r t r o p h y  and other  e v i d e n c e  of i n c x e a s e d  

adrenalcortica1,activity t o  become a p p a r e n t  as p o p u l a t i o n  d e n s i t y  

i n c r e a s e d , . a n d / o r  f o r  such  differences t o  ex i s t  be tween t w o  p o p u l a t i o n s  

of d i f f e r e n t  sizes ( 2 4 ) .  . 
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F i g u r e  1 d i a g r a m a t i c a l l y  shows one model  fo r  t h e  a p p a r e n t  

a d r e n a l c o r t i c a l  r e s p o n s e  t o  the e n v i r o n m e n t a l  l e v e l  of s t i m u l a t i o n s .  

Inasmuch as social s t r a t i f i c a t i o n  i s  I C ~ O V J N ~ ~  t o  exis t  w i t h i n  g r o u p s  

of m i c e  s u c h  t h a t  the  social s u b o r d i n a t e s  have  larger a d r e n a l  

cortices t h a n  t he  social dominants  (251, a n d ,  presumably, e x p e r i e n c e  
/ 

higher l e v e l s  of s t i m u l a t i o n ,  a p p r o p r i a t e  arrows have  b e e n  i n c l u d e d  

t o  show t h i s  d i s t i n c t i o n .  

P r o b a b l y  there i s  a n  optimum l eve l  o f  social s t i m u l a t i o n  

somewhere be tween o v e r p o p u l a t i o n  and i s o l a t i o n .  D e v i a t i o n  f r o m  

t h i s  optimum social envi ronment  i n  either d i r e c t i o n  may be a 

!'stresstt i n  t h a t  t h e  organism i s  r e q u i r e d  t o  a d a p t  t o  the  new 

s i t u a t i o n .  But  i t  may be t h a t  e n v i r o n m e n t a l  change  evokes  i n -  

creased a d r e n a l c o r t i c a l  a c t i v i t y  o n l y  i f  it causes t h e  l e v e l  of 

e n v i r o n m e n t a l  s t i m u l a t i o n  t o  be i n c r e a s e d .  Long-term i s o l a t i o n  

presumably  r e d u c e s  t h e  l e v e l . o f  s e n s o r y  i n p u t  from t h e  e n v i r o n -  

ment and  a p p a r e n t l y  d o e s  no t  have t h i s  effect (26).  

Bruce  L. Welch, Director 

L a b o r a t o r y  of P o p u l a t i o n  Ecology 

Depar tment  of Bio logy  

C o l l e g e  of 5 J i l l i a m  and  Mary 

W i l l i a m s b u r g  , V i r g i n i a  
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Fig .  1. Model f o r  a d r e n a l c o r t i c a l  response to t h e  e n v i r o n m e n t a l  

l e v e l  of s t i m u l a t l o i i  ( H L S ) .  Stress I s  r z p r e s e n t e d  a s  a d e v i a t i o n  Fn 

either d i r e c t i o n  from a central opt imun.  S o c i a l  s t i m u l a t i o n  i s  

r e p r e s e n t e d  as the. major (though n o t  the only) a f f e c t i n g  s t i m u l u s .  

Separate arrows €or social dominants  and social  s u b o r d i n a t e s  

acknowledge stratal d i f f e r e n c e s  w i t h i n  a l l  ZLS o f  g r o u p s  o r  

p o p u l a t i o n  d e n s i t y .  The p r o g r e s s i v e l y  d i v e r g i n g  and t h i c k e n i n g  

arrows r e p r e s e n t  a n  i n c r e a s i n g  v a r i a b i l i t y .  
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Table 1.  A d r e n a l  weight of male w h i t e  mice i s o l a t e d  and grouped  

for 22 weeks. 

Size 
P a i r e d  A d r e n a l  Wt . ( m g  .l 

Body W t .  Mean Ninimum Piiaximurn 
Group N (sm. 1 V a r i a n c e  

I solate 22 39.37 1.88 1.49 2 .65  .OB18 

3(2-3)* 10 39.87 2.02 1.58 2.96 .1923 

14(9-13)* 15 38.46 2.48 1.w 3.67 .2488 

* I n i t i a l  numbers r e d u c e d  by f i g h t i n g  as indicated i n  parentheses. 
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1 
Moore (1 963) demonstrated t h a t  aggregation potentiates the reduction of  

- brain noradrenaline by d-amphetamine i n  mice. Vogt (1954) emphasized t h a t  t he  

many drugs testod which cause a f a l l  i n  hypothalmic noradrenaline havs i n  

common only t h a t  they stimulatysympathetic centers. 

catecholamine content o f  tho inorvatod and denorvatsd adrcnals of cats a s  an 

w w  Using t h e  difference i n  

indox of sympathetic ac t iv i ty  causod by adninistored amphetamine, 
A 

sho found a high correlation bctwccn the  depletion of % d u l l a r y  amincs and l o s s  

of hypothalmic noradrenaline (Vogt , 1962). 

Tho application of c l c c t r i c  shock through a w i r o  grid upon which rats 

4 

woro standing, a procedure which presumably causod increased syrnpathotic ac t iv i ty ,  

lower& brain stem noradrenaline 17$ i n  5 minutos and 37% i n  45 minutos (Maynert 

and Lovi, 1964). 

noradrenaline 38% (Paulson and Hoss, 1963). 

exhaustion tho i r  brain noradrenalino was markedly lowored (Barchas and Freedman, 

1963; F r e o h n ,  1963). 

1 
Shocks similiarly applied t o  guinea pigs lowered t h e i r  brain 

?&en r a t s  wero forcod t o  swim t o  

Welch and Welch (i964b) offer ovidcncc t h a t  t h e  basal levo1 of secretion 

of adrenal medullary catecholamines may be higher i n  grouped than i n  isolated 

white mice and i n  large groups than small. 

studies suggest t h a t  tho stimulus of grouping may cause brain noradrenaline 

Collcctivcly, the  foregoing 

levols  t o  be lowered, anc! t h a t  under t h e  condition of re la t ive  stimulus de- 

privation existing i n  social  isolation, brain noradrenaline s tores  may be in- 

creased above normal amounts. 12378' 
This paper reports an 

brain noradrenalino s tores  

the  same period o f  time. 

experiment i n  which mico isolated one week had 

275 greater than mice maintained 20 per group for 
I 
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B .  

PIATERIALS AND P a H O D S  

Forty male DUB/ICR white Swiss mico 2-3 months of age, wcro placed i n  

individual enamel mouse pans 8 l/81tx 13 3/8Itx 4 3/4" upon roceipt from the  

supplier (Dublin Laboratory Animals, Dublin, Virginia). Aftor one week 20 

mice were placed i n  a singlo cago and tho remaining 20 war0 continued i n  in- 

dividual cases. Purina laboratory food was scatterer', l ibora l ly  over tho f loor  

of tho pan such t h a t  it was  oqually availablo t o  a l l  animals, and it was kept 

i n  suporabundanco a t  a l l  timos. Six water bot t los  wcro maintainei! on top of 

t h e  group pan. A l l  animal pans woro changed twice during the  cowso of t h e  

week by tho samo person. 

A t  tho ond of ono weok i n  experimental Zroupings, t h e  mico woro k i l led  by 

decapitation. 

with groups of 4 mice from each trcatmont con3ition i n  order t o  avoid any bias 

duo t o  circadian rhythm. 

pooled, and a l l  l a t o r  manipulations wore performocl with pairo2 samplss of 4 

They were k i l l &  between 1O:OO a.n. and 2:OO p a . ,  altornating 

Tho brains of t h o  4 mice k i l l o d  i n  each group were 

brains, one from Qach of tho trcatmont conditions. The brains were froz@tl on 

dry i c e  as removed frcm tho animals, and analyses f o r  catecholaminos were con- 

ducted 24 hours l a t e r .  

perchloric acid a t  O°C, adjustot t o  pH 6.1 w i t h  0.5 normal potassium carbonate, 

an2 centrifuged a t  10,000 rpu f c r  10 minutos t o  sdiment  protein and potassium 

perchlorate. 

IRC-50 ion oxchango resin and buffered a t  pH 6.1 with ammonium acetate. 

were eluted from tho column with 30 m l  of 0.5 normal acotic acid following a 

The brains wore woigherl, homogonizo;! i n  0.4 normal 

The catecholamines were adsorbd on a 2 cm column of Amberlite 

Thoy 

distilled wator wash. Tho eluate was concentratod t o  small volume i n  vacuo, 

an analysis for noradronaline was  conductod by the  methoc? of  Cohcn and 

Goldenborg (1 957) . 



3 
RESULTS 

Thero was mor0 noradrenalino i n  tho brains of isolatod mico than i n  t h e  

brains  of mico l iv ing  20 per group. Tho amount i n  the  brains of t h e  i so la ted  

mice was groater i n  each of tho  pairod samples roprosenting t h 2  twc treatment 

conditions. The mean values f o r  noradrenaline, as  shown i n  Tablo 1 ,  were .26 

ugm/;zm brain f o r  tho groupd mice and .33 u p / p  brain f o r  th0  isolates .  

analysis of varianco, t h i s  differonce i s  hiThly s ignif icant  (p .001). 

A small amount of f ight ing occurred amon? tho groupod mico clurins tho  f i r s t  

fow hours, but 2urinr: tho remainder cf tho cxperimontal 2cr ior l  f ight in? w a s  

vepj rare. Tho i sc l a t ed  mice wero ncticably more excitable than those l iv ing  

i n  t h e  g r o q .  



. .  
, .  

4 
DISCUSSION 

White mice isolated f o r  one week have hi5hcr lovels of brain noradrenaline 

than whito mico hcusod 20 p r  ycug  f c r  the Sam3 pcriccl o f  time. 

A feedback mochanism is  ?robably operativc wharoby catecholamines roleased 

from the  adrenal medulla a c t  upcn the asconiting ro t icu lar  activating system t o  

causo a roleaso of brain noradronalino (Vogt, 1962, 1959, 19%). This is a 

l i k e l y  mochanism f o r  the  onhancomcnt of amphetamine tox ic i ty  by aggregation, 

ancl fo r  t he  accontuated loworing of  brain noradrenaline by cl-amphotaminc i n  

aggregated mico (Moore, 1963). 

The lcwcring of throshold t o  d-aqkctamino toxic i ty  caused by olec t r ic  

shock (Askew, 1962), which a l so  lowers brain noradrenaline (Mayncrt and Led., 

1964; 

ministration of phcnaxybcnzaminc, an aclrcnorsic blocking apent (Woiss o t  .al., 

Paulson and Hess, 1963), i s  pxmntcd  by a-ZrcnalaAomy and by the adb 

1961). 

an enhanced peri;Dheral sympathetic ac t iv i ty  (Bonson o t  .al.,  1963; Swinyard 

Tho work of Swinyard's group suqqcst t h a t  acute aggegat ion may cause 

et.al. 1963; Swinyard et ,a l . ,  1961). 

In  studies cf chronic grouping, i n  which qraded ?roup sizos of 1 ,  2, 4, 

8, 16, 20 ancl 30 mico por %group wore cmployoc!, Wolch and Welch (1964b) found 

changos i n  adronal modullary catecholamino content indicative of increased 

basal socrotion with incroasod group size. Studios o f  d-amphetamine tox ic i ty  

i n  mico chronically grow@ f o r  f i ve  wocks gave substaniatin3 r e s u l t s  (Welch, 

i n  preparation). 

It is  intorosting t o  spoculato tha t  the  changed exc i tab i l i ty  ancl 

aggrossivenoss o f  mice upon chronic isolat ion o r  chronic ,youping may be re- 

la tad  t o  a change i n  the levo1 cf brain noradrcnalino. 

t o  mako animals more aggrossive and excitable (Eklazs ot.al., 1962; 

Isolation i s  w e l l  known 

Scott  

b 
and Frodorickson, 1951 ; Bronson and E?cfthoriou, 1963), and the  tranquiliaing 

drugs which deploto stores  of brain noradrcnalino reduce t h i s  aggrossive bo- 

havior (Kollor and Umbroit, 1956; Barnes, 1960; Jansson e t  .al. , 1960; 
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Yon o t  .al. 1959), while inhibi tcrs  of t h e  eneymcs which catabolizo catocholmines 

make t he  animals hyperexcitablo and onhanco agqrcssive behavior (Everett and 

Wiegand, 1962). 

O H  mice l iv ing  i n  i so la t ion  became so sensi t ive t o  onvironmontal s t i m u l i  

t h a t  thoy convulsd. during routine prccecturos such a s  woighiw, cage-changing, 

feoding, o r  oven opming t h e  cage 3oor f o r  inspection. 

markedly roducod by housing the mice i n  pairs and were vir tual ly  eliminated by 

koeaing them i n  groups of 20 (Kin3 ot.al., 1955). 

lowcrod by 35% i n  hedgehop during hibernation (Uuspaa, 1963), a poriod during 

which tho thresh012 of exc i tab i l i ty  is lowered. 

and Wolch (l964.b). i n  which tho love1 of secretion of catecholamines apparently 

incroasod with increasod group s ize ,  t h e  inc ihnco  of fighting docroasod i n  

Such convulsions wero 

Brain noradrenaline i s  

In the  exporiments of  Welch 

graded manner from t h e  larTost t o  the smallcst sizod Fgroup, there being only 

ono-tonth as many f ights  per unit time Tor individual i n  gm-oups of  20 mico a s  

i n  pairs (Wolch, i n  p e w r a t i o n ) .  It i s  a n t i c i p z t d  t h a t  experiments i n  proqwss 

may show a graded lcwering of brain noradrenaline from isolated throueh 

variously sized groups of  a g g r e g a t d  mice, Eowc)ver, a parallel between brain 

noradrenalino and azgrcssivoness doos not necessarily mean t h a t  they a r e  

causally related.  

In thoso analyses, no correction was made f o r  3 ,4-dihydro~honylothylamine 

Honco, up t o  8% of  the  noradrenaline values quoted could be (dopamine). 

a t t r ibuted t o  dopamino. 

exc i tab i l i ty  which occurs with isolation o r  Srouping may be related t o  brain 

Hswovor, t o  the  extent t ha t  the  change in . level  of 

catocholamines, it is probably more c loso ly  r c l a t d  t o  noradrenaline than t o  

doixmine. b i r d  and Lewis (1963) reported a reduction of noradrenaline, but 

not cf dopamine, i n  r a t  brain by d-aqhetamine; 

t h e  timo-course of protection from amphetamine tox ic i ty  i n  grouped mice ;?rovided 

by alpha methyl dihydrosyhenylalanino an? nl$ila methyl metatyrosino t o  follow 

t h e  sama t i m e  ccurse 8s t h a t  of t he  affects of  those agents on brain noradrenaline. 

and La1 et ,  a l .  (1963) found 
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A number of studios havo domonstratcd t h a t  t he  chronic e f fec ts  of in- 

tensif ied soc ia l  st imulatim associated with i n c r c a s d  Sroui3 s izo i n  laboratory 

rodonts and incrcasod popiiation density i n  laboratory and f i e l d  populations 

of various mammals causes incroasod ac t iv i ty  of t hc  pituitary-a2rcnocortical 

axis (Christian, 1961, 1959; Welch, 1962; Welch and Mopfer, 1961). The 

rc f lox  roloaso of hypothalmic norac'ircnalino by t h e  act icn of periphcral 

catocholamines upon tho ro t icu lar  activating system may be a l i nk  i n  t h e  chain 

of ovonts leadin3 t o  act ivat ion of t h e  pituitary-asCrenalccrtical axis following 

incroasod autonomic stimulation. In ornotional rcsponso adrenaline prosumably 

activates tho hypothalamus v i a  tho asconlin; ro t icu lar  formation and causes 

corticotrophin releasing fac tor  t o  be rcloasod. 

t he  an tor ic r  2 i tu i t a ry  whore it rolcases ACTH, thus causini  t he  adrenal cortex 

t o  incrcasc i t s  o u t p t  of cor t icoids  (Vozt, 19%; The loworing 

of brain biogonic aminos following a force? exhaustion swim o r  following forced 

This ylyy7eptirle is carr ied t o  

Worncr, 1962). 

activity i n  a ro ta t ing  whoel occurs i n  r a t s  cvcn i f  they have been hypophy- 

soctomizcd (Barchas and Freo?man, 1963), inc?icatinZ tha t  t h i s  ros2onse i s  

probably independont of tho action of the adrenal ccrtex. 

only a p i tu i t a ry  which has functional connection with t h e  brain can dovolop 

M " H  and maintain t h e  adrcnal cortex (Scharrcr anc! Scharror, 1963). 

ananccphali, i n  which t h e  brain i s  absont whilc tho adenohypophysis is w e l l  

devclcged, tho adrenals aro abnormally small (Moori, 1961). 

However, apparently 

I n  

The 2oss ib i l i t y  t h a t  tho metabolism of cctccholamines and/or t h e i r  

catabol i tos  i n  t h e  brain may bo modif ied  i n  n catesorical ly  p d i c t a b l e  manner 

by tho soc ia l  environmant i n  which an animal l i v e s  (Welch and Welch, 1964a) 

may have important im2lications fo r  our understancling of t he  relat ionship bo- 

tweon environment and mental hoalth. 
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7 
SUMMARY 

The’noradrenalino contont of the brain of malo whito Swiss mice grouped 

20 per case for ono woek was lowor than that  o f  mico housed i n  isolat ion f o r  

t h e  same period of timo, i.o., .26 ug/gm brain V.S. .33 ugmfgm brain (p. .OOl).  

The possible re la t ion  of  these finding t o  agqrcssivo behavior and exci tabi l i ty;  

a possiblo mechanism 

and the  possible rolat ion of these changes t c  other physiological chan3os 

which t h i s  chango i n  brain ncradrenalino may bo cffected; 

occurring i n  individuals with change i n  .;roup s i z e  o r  poj?ulation donsity a m  

cliscussed. 

. 



8 
REFERENCES 

Askew B; M. (1962) B r i t .  J. Pharmacol. 19, 245. 

Bird J. R. C. an4 Lewis J. J. (1963) Biochcm. Rarmacol. 12, 577. 

Balazs T., Murphy J. B. and Grice H. C. (1962) J. Pharm. Pharmacol. I&* 750. 

Barchas J. D, and Freedman D. X. (1963) Biocham. Pharmacol. 12, 1225. 

Barnes T. C. (1960). J. h e r .  harm. Ass. 49, 415. 

Bonson F., Swinyard E. A. and Goodman, L. S. (1963) Reported "in preparation" 
i n  Swinyard et .a l .  (1963). 

Bronson F. H. and ELefthGriou B. E. (1963) pbysiol. 2001. 36, 161. 

Christian J. J. (1961) h o c .  Nat. h a d .  Sei. 47, 428. 

Christian J. J. (1959) I N  Proc. Columbia Univ. Symp. Comp. Endoc., Gorbman A. 
(Ed.) John Wiley & Sons, N. Y. 

Cohen G. and Goldberg M. (1957) J. Nourocham. 2 ,  58. 

Cook L. and Kelleher R. T. (1963) f a n .  Rev. Pharmacal. 3, 205. 

Cook L. and Weidley E. (1960) Fed. ?roc. 19, 22. 

Everett C. M. and Wiegand R. G. (1962) Biochem. Pharmacal. 8, 55. 

Freedman D. X. (1963) Am. J. Psychiat. 119, 843. 

Janssos P. A. J., Jaqeneau A. H. and Nieme?eors E. (1960) J. Pharmacol. Ex;3tl. 
Therap. 129, 471. 

Keller D. L. and Umbriet W. W. (1956) Science 127, 723. 

King J. T., C h i u y  Puh Lee Y. and Visscher M. B. (1955) h o c .  SOC. Ekptl. €33.01. 
Med. 88, 661. 

Ial H.* Ginocchio, S. and Shcfner, A. (1963) 

Maynert E. W. and Levi R. (1964) J. Pharmacol. Exptl. Thmap. 143, 90. 

Mceri E. (1951) ACTA Jbdocrinol. 8, 259. 

Moore K. E. (1963) J. Pharmacol. Ekptl. Thorap. 142, 6. 

Paulsen E. C. and Hess S. M. (1963) J. Neurochem. 10, 453. 

Scharrer E. and Scharrer B. (1963) Neuroendocrino1o:T. Columbia Univ. PTess, N.Y. 

Sco t t  J. P. and Fredcricson E. (1951) Physiol. 2001. 24, 273. 

Swinyard E. A,, Miyahara J. T., Clark L. D. and Goodman L. S. (1963). 

6 

. Psychopharmacol. 4, 343. 



, e  

9 . . .  

. Swinyard E. A . ,  Clark L. D., Hiyahara J. T. and Wolf 3. H. (1941) J. Pharmacol. 
E q t l .  Therap. 132, 97. 

Uuspaa V. J. (1963) .Am. 3102. m. Fonn. 41, 340. 

Vogt M. (1962) I N  mchter  D., Tanner 3. M., Taylor I,. and Zanqwill A. L. (Eds). 
Aspects of Psychialkic Research, Oxford Univ. Pross, New York. 

? 

Vogt M. (1959) Fharmacol. Rev. 11 , 483. 

Vogt M, (1954) 3. PhysioL 123, 431. 

Woiss B., Laties V. G. and Blanton F. L. (1961) J. Pharmacol. Exptl. Therap. 
132, 366. 

Welch B. L. (1964) In press. 

Wdch B. L. (1962) I N  Proc. 1 s t  Nat. White-Tailod Door Diseaso S y m ~ .  Athens, 
Fob. 13-15, 1962. U. of Ga. C t r .  Ccnt. Educ., Athens, Ga. 

Welch B. L. and Welch 8. M, (1364a) In h o g .  i n  Brain Res. Elosvior Publ., 
Amsterdam. I n  Press. 

Welch B. L. and Welch A. M. (1964b) In Pross. 

Welch B. L. and Ellopfor P. H. (1962) Am. Nat. 95, 256. 

Werner G. (1962) Clin. Pharmacol. Thorap. 3, 59. 

Yen H. C. Y., Stanger R. I,. and Ydllman X. (1959) lirch.Int. Pharmacodyn. 123, 179. 

. 
8 



? 

r 

4 

Table 1 .  Noradrenaline i n  Brain of  qrouped and 

Replicate sample Noradrenaline (ugm/gm br&n) 
runs (4 brains each) - 

Grouped 2O/cage Isolated - 
I 27 32 

2 25 35 

3 .28 32 

4 .26 31 

Mean .26 * .oi .33 * . O l  

Signigicance = ,001 (F = 37.6) 
1.8 

10 


